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An Attempt at a Unified Theory of Elementary Particles

Hideki !uknwna4

Institute for Fundamental Physics,
Kyoto University, Kyoto, Japsn
Abstract

The introduction of non-local interaction between local fields is
A likely to be an important step toward the construction of a consistent
field theory free from divergence difficulties, However, a further step
in the same direction seems to be necessary in order to approach nearer
to a unified theory of elementary particles, The concept of non-local
field is introduced for this purpose, A non-local field describes
relativistically a system which is elementary in the sense that it could
no longer be decomposed into more elementary constituents, but was so
substantial that it contains implicitly a great variety of particles ¢
with different masses, spins and other intrinsic propertlo;?) For instance,
2 non-local scalar field i1s defined as a scalar function depending on two

sets of space-time parameters and can be written as
/ 4 —_ )
(5 | @1 Hn )= P (K, W
/MDC’-#I/: /' )("
X/W'-’ -—7&;,:7"3 3 R
The most goneral oquation for the free field is of the form

F (3%, bv)CP(.X 73 O S

where the oporator Fis a certaln funCtlon Of’D?C P 1;,~ and S~ which

where

is invariant under any inhomogeneous Lorentz transformation. If we assume
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2
that F is linear in ,%17:77 md aep:rable, 1. e,
= . (2)
B TR ok 'ax F Jaiga 7’\7* /w ?T ))
then we have eigen-so s of the form CF M.CX) (r) , where u and ?(
satisry (F )7([ )
Y=
(2 — pmIU(X)= 53 (3)
'ax/,;o?C /\'L /\A

/44 being the soparntion constant, Thus, the masses of the free particles,

which are associated with the non-local field (}p are given MFas the

eigenvalues of the square roct of the operator F(r) which characterizes the

so-to- speak internal structure of the elementary non-leal system. One can

choose the operator pir) such that the eigenvaliest =T, are all positive

and discrete, In that case, one can expand an arbitrary non-local field

into series of the corresponding internal eigenfunctions 7“(1") 3

CF(X,“ﬂ: %MnCX))/u[Y“) (4)

Now, when a non-local scalar field 30 interacts with a local spinor

field '\{/ (x/w) , for instance, one can reduce the problem to that of the
interaction between the spinor f.’;}}d \f' and the infinitely many local
\ «_@__A_ﬁ L%@ s,
Boson fields, which are defined 'by u (z/“) uz[/” vet  ime flald
oquation: become S A
2 Wit (I l 2y AJLdJL
(3 ,____,,___” Wm)‘iﬂ[’}u} = SEE,,\ (a2, 2 ) pLa ) gl i

C’B”/:A:B‘*T # M)‘{’ (x") K\S & ) %, z‘”)u“c:u“)\l/[x"')dl’gx”f e}

where Z ’
'")3("*1 -x")

E, (3 ! 1) = o o I8
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